Abscisic acid production by Cercospora rosicola Passerini in liquid shake culture was measured with different amino acids in combination and singly as nitrogen sources and with different amounts of thiamine in the media. Production of abscisic acid was highest with aspartic acid-glutamic acid and aspartic acidglutamic acid-serine mixtures as nitrogen sources. Single amino acids that supported the highest production of abscisic acid were asparagine and monosodium glutamate. Thiamine was important for abscisic acid production. Leucine inhibited abscisic acid production. C. rosicola produced abscisic acid in the dark, but production more than doubled in the presence of light.
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Cercospora rosicola Passerini is the only mold reported to produce the secondary metabolite (+)-abscisic acid (ABA) (2) . The biochemistry and physiology of this important plant hormone was recently reviewed by Walton (5) . In comparison with plants, C. rosicola provides a simple system for the study of ABA biosynthesis and regulation. Little information is available on the factors affecting ABA production by this fungus. Assante et al. (2) reported that C. rosicola produced ABA when grown on agar containing extracts of potato, yeast, malt, or oatmeal but did not produce ABA when grown on agar containing peptone or on Sabouraud, Czapek, and nutrient formulas.
We developed a chemically defined liquid medium for cultivating C. rosicola (4) . We now report the effects of nitrogen source, thiamine, and light on ABA production by C. rosicola. Effects of light on ABA production. Both ABA and t-ABA were found in the culture media of C. rosicola. The ratio of ABA/t-ABA averaged 17.3 ± 4.1 in 35 cultures after 7 days in the light. The identies of ABA and t-ABA were confirmed by combined gas chromatographymass spectrometry of the methyl esters. ABA isomerizes to t-ABA, giving an equilibrium mixture of both isomers on exposure to light (3). To determine whether t-ABA is produced by C. rosicola or is a result of light-catalyzed isomerization, we grew the cultures in light and in darkness. The fungus produced about twice as much ABA in light as in the dark in liquid and surface cultures ( Table 1 ). The t-ABA content in light-grown cultures was about 40 and 5 times higher in liquid and surface cultures, respectively, than in the corresponding dark-grown cultures. Also, a test with the liquid shake culture showed that the ratio of ABA/t-ABA decreased with time (81, 23, 14, 10, and 8 for 3, 8, 10, 15, and 19 days, respectively). These results suggest that most of the t-ABA was formed via light-catalyzed isomerization of ABA. However, this suggestion does not rule out the possibility that t-ABA is produced in small quantities by the fungus. (Fig. 1) . Additional amounts of thiamine in the media did not affect ABA production.
MATERLALS AND METHODS
Effect of carbon source on fungus growth and on ABA production. Four sugars were tested for growth and ABA production. Mycelial weights in liquid shake culture ranged from 5 to 6 mg/ml after 1 week. ABA production was 4.0, 2.5, 1.7, or 3.4 mg/g of mycelium with glucose, lactose, sucrose, or galactose as the carbon source, respectively.
Effect of nitrogen source on fungus growth and on ABA production. Mycelial production of C. rosicola was from 3 to 5 mg/ml in 14 days with certain amino acids as the sole nitrogen source, namely, asparagine, monosodium glutamate, aspartic acid, glutamic acid, glycine, and glutamine. Mycelial production was 1 to 3 mg/ml with serine, leucine, potato extract, or ammonium nitrate as the sole nitrogen source. ABA production did not follow the same pattern as growth (Table 2) . ABA production was highest with asparagine and monosodium glutamate, intermediate with aspartic acid, glutamic acid, and potato extract, and lowest with glutamine, glycine, and serine. Leucine and ammonium nitrate did not support significant ABA production. Other nitrogen sources tested were arginine, valine, lysine, and ammonium acetate; these compounds supported mycelial production of <1 mg/ml and ABA production of <2 ,tg/ml.
Results of a time study of growth and ABA production of C. rosicola with monosodium glutamate as the sole nitrogen source are shown in Fig. 2 . Growth paralleled ABA content of the liquid medium until day 6; then growth slowed, whereas ABA production continued at the same rate. ABA content of the medium reached a maximum on about day 13 and then began to decrease. Essential nutrients were probably depleted by day 17, for growth decreased. Production of the secondary metabolite ABA in the early states of growth may have been related to the internal microenvironment of the pellet. The extent of fungal pelletting has been reported to depend on the species, individual strain, size of inoculum, growth medium, or the physical environment within the culture vessel (6) .
Except for the mixture of arginine, lysine, and valine, mixtures of amino acids did not support growth as well as most of the single amino acids (cf . Tables 2 and 3 ). ABA production was higher with the aspartic acid-glutamic acid and aspartic acid-glutamic acid-serine combinations than Table 3 were (i) arginine and leucine, (ii) arginine and lysine, (iii) glutamic acid, leucine, and arginine, and (iv) leucine, arginine, and lysine; these mixtures supported growth of<1 mg/ml and ABA production of <2 ,ug/ml.
Because leucine inhibited ABA production of C. rosicola, glutamic acid and urea were tested separately with and without leucine (Table 4) . Leucine inhibited ABA production 83 and 44% when combined with glutamic acid and urea, respectively.
Assante et al. (2) found that C. rosicola did not produce ABA when grown on agar containing peptone or on Sabouraud, nutrient, and Czapek formulas. Sabouraud and nutrient formulas contain neopeptone and peptone, respectively. We found that C. rosicola grew rapidly (6.8 mg/ ml) in a peptone-glucose liquid shake broth but did not produce ABA. The fungus grows in extremely fine, oblong pellets in peptone broth in contrast to larger, spherical pellets in the chemically defined media. Peptone contains 15 amino acids, of which glycine, glutamic acid, arginine, aspartic acid, lysine, leucine, tyrosine, and valine are the major components (1) ABA biosynthesis. When mixed nitrogen sources were tested, production of ABA was highest with mixtures of (i) aspartic acid and glutamic acid and (ii) aspartic acid, glutamic acid, and serine. Single amino acids that supported the highest production of ABA were asparagine and monosodium glutamate. Leucine and ammonium nitrate supported growth but little ABA production. The ABA normally produced with either urea or glutamic acid as the nitrogen source was inhibited 50 to 80% by the addition of leucine. The inhibitory effect of leucine is being investigated further. Other nutritional and environmental requirements of C. rosicola for maximum production of ABA are also being studied. Defining these requirements will further improve the usefulness of C. rosicola as a tool for studying the biosynthesis, metabolism, and regulation of ABA and as a route for commerical produc- 
